This article introduces a special collection of nine articles that address a wide range of topics all related to improving the application of watershed management planning. The articles are grouped into two broadly defined categories: modeling applications, and monitoring and assessment. The modeling application articles focus on one of two widely used watershed-scale water quality modeling packages: HSPF or SWAT. The HSPF article assesses the model's robustness when applied to watersheds across a range of topographic settings and climatic conditions. In the SWAT-related articles, researchers used the model to inform watershed management efforts in a variety of ways, including subwatershed prioritization in the context of achieving broader watershed management goals, examining the utility of applying SWAT in a watershed receiving groundwater inputs from outside the topographic watershed boundaries, and estimating the uncertainty and risk associated with meeting TMDL target loads. The monitoring and assessment articles cover such diverse topics as an examination of how best management practice effectiveness is assessed, examination of estimated nutrient loads to a reservoir where a nutrient TMDL has been developed, examination of the sources of fecal indicator bacteria in an urban watershed, and detailed accounting of issues related to flow measurements in small watersheds. The articles in this collection contribute to the body of literature that seeks to inform and advance sound watershed management planning and execution.
development and implementation of watershed management efforts designed and implemented to improve and maintain water quality is often driven by the total maximum daily load (TMDL) process, as outlined in the Clean Water Act. The concept of treating watersheds as systems and attempting to manage them as such is becoming more prevalent around the world, and international watershed management efforts are often modeled on the TMDL process (EPA, 1991) . A TMDL quantifies the amount, or load, of a specific pollutant that a waterbody can assimilate and still meet applicable water quality standards. Sections 303(d) and 305(b) of the Clean Water Act require that waterbodies in the U.S. be evaluated in the context of applicable water quality standards. Under the Clean Water Act, pollutant-specific TMDLs are established for impaired waterbodies. According to the U.S. EPA, pathogens, heavy metals, nutrients, sediment, oxygen depletion, and loss of biological health and diversity (resulting from habitat alteration, temperature, pH) are the most common types of the more than 74,000 impairments reported by the EPA. To address these impairments, more than 46,000 TMDLs have been completed to date (EPA, 2011) .
In the broadest sense, the TMDL process includes three phases:
S Impairment designation, which identifies the type, severity, and extent of the water quality impairment. S TMDL development, which involves determination of existing and potential future pollutant loads in the watershed, linking those loads to water quality in the waterbody, and defining pollutant load reductions required to achieve applicable water quality criteria. S Implementation, which involves putting in place control measures required to achieve water quality standards, monitoring water quality to document progress toward attainment of standards, and finally de-listing, W i.e., removing the water body from the 303(d) and 305(b) impaired waters list, after attainment of water quality standards (Benham et al., 2011) . This collection reports on research that strives to advance the underlying science and application of modeling tools often used to inform and assess watershed management efforts such as TMDL development and implementation. The collection also includes articles that address the characterization of watersheds and best management practices (BMPs) as well as assessment opportunities and challenges and how they can impact watershed management goal setting and achievement.
MODELING APPLICATIONS
Modeling is often an integral part of watershed management planning. Models can be used to assess and characterize the type and extent of pollution sources, to evaluate alternative pollution control scenarios, and to prioritize (spatially) where watershed management activities need to focus to most effectively achieve watershed management goals and utilize limited resources most effectively. Models can also be used to assess risks and provide information to stakeholders about the benefits and consequences of not achieving selected watershed management goals. A previous ASABE collection of articles on TMDL modeling tools (MuÒoz-Carpena et al., 2006) provides in-depth articles that review models and modeling techniques to simulate sediment and nutrients (Borah et al., 2006) , pathogens (Benham et al., 2006) , dissolved oxygen , and biological indicators as well as model uncertainty (Shirmohammadi et al., 2006 ) and application of model results to economics . The articles in the current collection (summarized subsequently) provide model applications that build on these fundamental concepts. Jiang et al. (2011) , in the article "Modeling the water balance processes for understanding the components of river discharge in a non-conservative watershed," investigate a modification to the Soil and Water Assessment Tool (SWAT) model to account for external subsurface flow into a watershed in a karst region in eastern Japan. The authors refer to the external subsurface inflow as indicative of a nonconservative watershed because the water balance typically represented in rainfall-runoff models does not represent the underground fluxes that cause a system to lose or gain water from outside the topographic watershed boundaries. This study describes one approach to representing an underground water flux by treating it as a point-source input. The results indicate that the underground water influx accounted for 47% of streamflow during the study period. The authors conclude that the simulated daily baseflow, monthly streamflow, surface runoff, and evapotranspiration (ET) all showed good agreement with the corresponding observations, and that their approach succeeds in reasonably simulating streamflow in the study watershed. The simulation of daily streamflow with this modification produced coefficient of determination (R 2 ) values of 0.65 during calibration and 0.66 during validation. Pai et al. (2011) , in the article "Identifying priority subwatersheds in the Illinois River drainage area in Arkansas using a distributed modeling approach," describe an application of SWAT to identify the 12-digit hydrologic unit code (HUC) subwatersheds that contribute larger amounts of sediment, total phosphorus, and nitrate-nitrogen in the 1,960 km 2 Illinois River (Arkansas) basin. Model calibration was performed at multiple stations distributed throughout the drainage area (seven for streamflow; three for water quality), and the SWAT2009 land use change module was used to incorporate annual land use change based on five land use scenarios over a 13-year period. Model calibration and validation were performed on annual surface, base, and total flow volumes and sediment, total phosphorus, and nitratenitrogen unit-area loads using multiple objective functions to evaluate model performance: percent relative error (RE), Nash-Sutcliffe coefficient of model efficiency (NSE), percent bias (PBIAS), R 2 , and the ratio of root mean square error to standard deviation (RSR). This modeling study illustrates that characterizing land use change is important in accurately calibrating watershed parameters and that spatial diversity can best be represented through multi-point calibration. The resulting subwatershed prioritizations revealed that selected watersheds generated higher loads of all three pollutants, indicating areas where stakeholders should focus pollution control efforts to address water quality issues while optimizing limited resource allocation. Sexton et al. (2011) , in the article "A stochastic method to characterize model uncertainty for a nutrient TMDL," address the issue of model uncertainty when using a watershedscale water quality model to quantify TMDL target nutrient loads. The authors demonstrate a procedure for assessing the level of confidence of meeting a specific water quality standard when achieving a given TMDL target pollutant load. Because TMDLs are developed for a single load value, the implied risk of not achieving that target load and thus not achieving the water quality standard has been ignored, despite repeated calls from the scientific community for this kind of risk assessment and uncertainty estimate (e.g., Shirmohammadi et al., 2006) . This study on Warner Creek in the Maryland Piedmont used the mean-value first-order reliability method (MFORM) paired with a stochastic approach and the SWAT model to provide a formal procedure for quantifying an explicit TMDL margin of safety (MOS) by assessing the risk of not achieving the TMDL target load or water quality standard.
Diaz-Ramirez et al. (2011), in the article "Analysis of hydrological processes applying the HSPF model in selected watersheds in Alabama, Mississippi, and Puerto Rico," use the Hydrological Simulation Program -FORTRAN (HSPF) to gain insights into the hydrological processes in three different watersheds: upland basins in Alabama and Mississippi (1,856 km 2 Luxapallila Creek), a humid subtropical watershed in coastal Alabama (140 km 2 Fish River), and a steepslope tropical catchment in Puerto Rico (99 km 2 Rio Caonillas). The authors reviewed the literature for parameter value ranges, both evaluated from physical data and calibrated, for comparison with the results of their study. They then identified flow stations with observed data for comparison with simulated results and identified a number of measures to test the effect of their simulations using separate time periods for calibration and verification. Model creation within HSPF was performed within the BASINS interface to illustrate how watersheds could be characterized with existing data and databases internal to BASINS. The methods followed were similar to those that practicioners using HSPF (or any model for that matter) would follow as they prepare to model the fate and transport of a given pollutant within an impaired watershed. The results of this research illustrate that HSPF adequately simulated the hydrology of the drastically differing watersheds (small catchments vs. large basins, flat vs. hilly areas, low vs. moderate/high runoff potential, and tropical marine vs. humid subtropical climates). Sheshukov et al. (2011) , in the article "Seasonal and annual impacts of climate change on watershed response using an ensemble of global climate models," develop and assess a method to downscale monthly global climate model (GCM) temperature and precipitation data to drive a daily hydrologic model. A stochastic weather generator (WINDS) was used to develop daily input data for hydrololgic simulation in SWAT2005 by combining statistical distributions of sitespecific historical daily weather data with an ensemble of monthly climate change projections from 15 GCMs. This method captured "internally generated" (e.g., convective) storms missed by GCMs while reflecting the monthly regional shifts simulated by the GCMs. The authors found that seasonal hydrologic response was impacted interactively by shifts in both precipitation and temperature; for example, increased precipitation coupled with increased temperature (and evapotranspiration) led to decreased streamflow as well as longer summer drought. An important conclusion of the study is that modeling analyses of climate change based on precipitation shifts alone or by analysis of annual hydrologic responses alone, which are both common approaches reported in the literature, may not reflect adequately the severity of hydrologic impacts on drought, flood, or other watershed responses. Future modeling efforts to inform watershed management planning must consider uncertainty and variability in climate change scenarios (and climate models) as well as the resulting impacts that hydrologic response have on management measure effectiveness.
MONITORING AND ASSESSMENT
Monitoring and assessment activities are fundamental to watershed management planning and execution. Accurate and adequate (spatial and temporal) monitoring is necessary in all phases of watershed management. The articles in this collection that deal with monitoring and assessment illustrate the critical role of monitoring and assessment in all phases of watershed management, from watershed and pollutant source characterization to assessing the effectiveness of pollution control measures. Reuben et al. (2011) , in the technical note "Pineview Reservoir phosphorus loading, unloading, and the role of groundwater in the estimates," highlight the limitations of the "sparse" data used to develop the nutrient (N and P) TMDL for the Pineview Reservoir in Utah. The Pineview Reservoir TMDL was developed using existing data in 2002. Subsequent questions about the TMDL led to more extensive monitoring of the reservoir to better characterize both N and P loading and N and P cycling within the reservoir. Monitoring for this study included collecting grab samples within the reservoir and high-frequency monitoring of both groundwater and surface water inflows to the reservoir. This monitoring improved the understanding of internal nutrient processing within the reservoir and permitted a more accurate characterization of nutrient loading to the reservoir. This characteriza-tion in turn provided an improved understanding of the partitioning of N and P loading between groundwater and surface water. The results indicated that shallow groundwater loading of dissolved N and soluble reactive P are lower than the estimates used in the TMDL and that both N and P loading from surface water are higher than was estimated when the TMDL was initially developed. This study illustrates the iterative nature of the TMDL process and the importance of limited additional monitoring to identify and refine both identified and suspected pollutant sources. Ibekwe et al. (2011) , in the article "Variations of indicator bacteria in a large urban watershed," investigated the factors associated with high fecal indicator bacteria counts in the Santa Ana River watershed in southern California. Thirteen sites were sampled over a range of flow conditions to examine spatial and temporal bacteria concentrations. The authors used an analysis of covariance to test for effects of site, water flow conditions, and water quality covariates. Their findings showed that the control site and a wastewater treatment plant site showed significantly lower indicator bacteria concentration than sites influenced by urban runoff and agricultural activities. These results, among others, imply that total fecal indicator bacterial counts in the Santa Ana River watershed were influenced by spatial location effects more strongly than other effects. Findings from this study will supplement the existing information that is used by modelers to more accurately characterize pollutant sources and critical streamflow conditions in urban watersheds. Ice (2011) , in the technical note "Assessing best management practices effectiveness at the watershed scale," summarizes and compares different approaches for evaluating the effectiveness of BMPs for controlling nonpoint sources of pollution. He illustrates how various pollution reduction goals and BMP effectiveness measures can be applicable within a given context and how different assessment approaches can present different pictures of performance. The author argues that the three biggest challenges for assessing BMPs directed at nonpoint-source pollution control are defining appropriate water quality expectations, determining what site conditions limit BMP effectiveness, and determining specific watershed metrics and appropriate spatial and temporal scales for assessment. The author used forested watershed studies to illustrate why he believes a weight-ofevidence approach may be the most useful way to judge BMP effectiveness. Endale et al. (2011) in the technical note "Difficult lessons learned in measuring flow on small watersheds," document the travails of using submersible pressure transducers to measure flow level (stage) and estimate flow in a small research watershed in Watkinsville, Georgia. They highlight the need for regular transducer calibration to adjust for sensor drift and provide a list of best practices that should be followed to ensure the highest confidence in the monitoring data collected using similar technology. The experience detailed in this technical note illustrates that all data used for watershed management assessment and planning purposes should be evaluated before use. Were the data collected using standard or accepted protocols? Were the data subjected to sufficiently rigorous QA/QC checks? The authors conclude that the use of suspect data will lead to incorrect conclusions about the system being monitored, which can lead to erroneous watershed management planning decisions.
SUMMARY AND CONCLUSIONS
While holistic watershed management should include broad stakeholder engagement to aid in defining specific watershed management goals, setting those watershed management goals and assessing attainment of those goals must be based on the application of sound science and appropriate tools and technology. The articles in this collection contribute to the body of literature that seeks to inform and advance sound watershed management planning and execution. The conferences where the articles in this collection were first presented illustrate the broad range of topics encompassed by holistic watershed management planning, including pollution control method development and assessment, pollutant source and watershed characterization, pollutant fate and transport modeling, modeling uncertainty, economic cost/ benefit analysis, policy and regulation, and watershed management case studies. The articles included in this collection reflect that topical breadth.
